Abstract
General Introduction
The paper mainly aims to describe the vegetation in an area (Taunovo Bay, Pacific Harbour, Viti Levu, Fiji) that is about to be converted into a tourism project. It also intends to describe the horizontal stratification of plant species in that particular area. The stratification pattern observed was very similar to that found on other sandy beaches. The major difference was that the littoral or beach forest had, in addition to plants expected on sandy beaches, had several species that are usually restricted to lowland rainforest. Such a mixed species composition of littoral forest has not previously been reported from Fiji and is possibly the result of the nutrient-rich sediment deposits from the adjacent Navua River. Invasive species, especially the coco plum (Chrysobalanus icaco) near the coast and the red bead tree (Adenanthera pavonia) in the littoral forest, were abundant in some places. The paper concludes that a thorough study of this vegetation type should be undertaken before the planned development project goes ahead.
Introduction
Coastal vegetation is strongly influenced by the adjacent sea. Therefore, plants in littoral areas must be adapted to salt spray, wind and wave action, and be able to recover from catastrophic disturbances. The conditions on sandy beaches due to the effects of drainage of these porous substrates may be even more limiting.
As a result, there is a distinct horizontal stratification on tropical sandy beaches, possibly reflecting different degrees of adaptation by the plants to their surroundings. The plants ability to colonize contributes to this stratification because sandy beaches are unstable as sands are shifted by wave and wind action. Coastal vegetation on sandy beaches is similar around the world, with a herbaceous outpost zone followed by a shrub zone that then grades into a littoral forest (Richards 1996) . The herbaceous outpost zone consists of sprawlers of the genera Ipomoea and Canavalia (Convolvulaceae), and grasses and sedges. Many plants of this outpost zone, such as Ipomoea pes-caprae (Whistler 1992) , are pantropical in distribution. This may be due to the efficient water-dispersal mechanisms that these species have evolved. However, the shrub and tree zone differ in species composition between two formations, one in the Pacific and the Indian Ocean, and other in the Atlantic Ocean (Richards 1996) , although species, such as Hibiscus tiliaceus, are found in both.
Formations similar to those just described occur in Fiji and other Pacific islands. Generally, the herbaceous outpost zone is dominated by creepers, such as Ipomoea pes-caprae, Canavalia rosea and Vigna marina, but may also include abundant grasses, such as Thuarea involuta, Lepturus repens and Sporobulus virginicus and some sedges. A shrub zone where Scaevola taccada and Clerodendron inerme are generally dominant often follows this. There may be low growing, bushy-crowned trees, such as Tournefourtia argentea, Acacia simplex, Thespesia populnea and Vitex trifoliata, growing before, within or behind this zone. The herb-and shrub-vegetation grades gradually or abruptly into beach (coastal strand) forest. This forest contains Barringtonia asiatica, Terminalia catappa, Calophyllum inophyllum, Pandanus tectorius, Cerbera manghas, Casurina equisetifolius, and Cocos nucifera (MuellerDombois and Fosberg 1998).
Coastal vegetation on sandy beaches may differ in species composition even in geographically close areas. For example, Barringtonia asiatica is common on beaches in eastern Viti Levu and Eastern Vanua Levu but seemingly rare on or absent from sandy beaches in low rainfall areas, such as the northern Kadavu Group (Ghazanfar et al. in prep.) and Yadua Taba island off the western coast of Vanua Levu (Olson et al. 2002) . Considering such local differences, species composition on smaller islands may differ from that of larger islands with rivers and additional vegetation types. While sandy beaches of small islands have been much investigated, the latter have received comparatively little attention. In this study the coastal vegetation and zonation patterns of Taunovo Bay, Deuba, near the mouth of the Navua River are described. The study site is of interest as it is to be cleared for a proposed tourism development project.
Materials and Methods
The study site was at Taunovo Bay, near Deuba, Pacific Harbour, Serua Province on Viti Levu. Here four transects of 100 × 10m that started form the mean high water mark (MHWM) to the north (perpendicular to the coast). Transects were placed 50m apart. Within each transects the abundance (in terms of contribution to the total vegetation cover) of all species was estimated at 10 m intervals using a modified Braun-Blanquet Scale (Table 1 ). The abundance estimates were averaged for each vegetation zone over the 4 transects and a "species-changeover graph" constructed using MS Excel. Within the species-changeover graph abundance of various species were indicated using cones of different height, representing average values of a modified BraunBlanquet (Table 1) for the four transects. A preliminary species list was also collated (see Appendix). Value Corresponding Cover 0 rare/ isolated individuals with little cover 1 less than 5% cover 2 5-25% cover 3 25-50% cover 4 50-75% cover 5 75-100% cover
Results

Slope and Substrate
From the MHWM the beach initially rises gently for 10m to about 1m above the MHWM. Then there is a slight drop to a plane that is about 50m in width. Some 60m from the coastline there is another drop and swamps are formed. The substrate was beach sand, turning darker in colour (and presumably richer in nutrients) about 20m above the MHWM.
Stratification
The common stratification of herb, shrub and tree zone was observed. Ipomoea littoralis, Ipomoea pes-caprae, and typical beach grasses, such as Lepturus repens and Sporobolus virginicus, dominate the herbaceous zone. A single plant, the introduced Chrysobalanus icaco, dominated the shrub zone, which in some places began close to the MHWM and such places lacked a herbaceous zone. Both zones tended to be very narrow, together being less than 10 m in depth (Figure 1, 
Composition of Littoral Forest
The littoral forest consisted of a unique mixture of typical littoral and lowland rainforest plants. Examples of the latter plants include the conifers Podocarpus neriifolius and Gnetum gnemon, the palm Balaka sp., the angiosperm trees Buchanania attenuata, Myristica castaneifolia and Garcinia myrtifolia. Figure 1 shows the species variations associated with distance from MHWM. Some 60m from MHWM and behind this littoral forest were plantations of Manihot esculenta (cassava). Beside Chrysobalanus icaco, Adenanthera pavonia is the other common adventive but is restricted to the littoral forest.
Discussion
The observed zonation (Fig 1, see Appendix) is similar to that on other tropical beaches in the Pacific (MuellerDombois and Fosberg 1998), consisting of herbaceous, shrub and tree zones. The plantations found 60m from the MHWM are an anthropogenic intrusion into the natural vegetation and may partially explain the presence of some weedy species. The sandy beach studied supports a unique vegetation type composed of a mixture of species commonly associated with coastal strand vegetation and those found in lowland rainforests. This may be due to siliceous deposits received from the Navua River. Although vegetation on siliceous river sands differs from that of sandy beaches (pg. 50, MuellerDombois and Fosberg 1998), it has not been studied in detail. Sediment and seeds of rainforest plants washed down by the adjacent river could cause this unique type of coastal forest, as similar coastal formations are found near other rivers in Fiji (M. Tuiwawa pers. com.). The nutrient-rich sediment may provide the conditions needed for germination and growth of some rainforest species. However, some or many of the populations of rainforest species may not be self-sustaining and would vanish in time, should the seed source disappear. The existence of populations of lowland rainforest species on presumably sub-optimal substrate poses a question regarding their viability. At least some of these populations may actually be "sink-populations" that are only maintained through the continuous input of numerous seeds through the river system. An investigation into the selfsustenance of such populations may provide further information regarding the existence of "sink-populations".
The abundance of the introduced Chrysobalanus icaco and Adenanthera pavonia is of concern. The former appears to be an aggressive weed that seems to have out-competed most native vegetation of the shrub zone and possibly the herbaceous vegetation in some places. Only few individuals of Scaevola taccada and Clerodendron inerme, which usually dominate the shrub zone, were seen. Likewise the presence of the rapidly spreading weeds Schefflera actinophylla and Wedelia trilobata, although in low abundance, show the disturbed nature of the study site.
Besides highlighting the uniqueness of the littoral forest at Taunovo Bay, the present study shows the vulnerability of this vegetation type. The major threats identified in this study were conversion for human development projects, agriculture and displacement of certain native species by introduced ones. Deforestation of nearby lowland rainforest may also endanger this vegetation type, if many of the forest species indeed constitute sink populations. Therefore, the conversion of this particular type of littoral forest, enriched with siliceous river deposits will be another step towards the expiration of this forest type in Fiji. A thorough study of Fiji's coastal vegetation types and protection of representative sections should be carried out before any development projects in areas covered by this vegetation type are approved.
